STABILIZATION OF RADIONUCLIDE-CONTAINING COMPOSITIONS 



The invention is as described below and includes methods for stabilizing 
radionuclide-containing compositions against degradation caused by free radicals generated 
from the radionuclide or other forms of radiolysis. The invention is also directed to 
compositions associated with these methods. Iodide ions stabilize the radionuclide- 
containing compositions by acting as scavengers to these generated free radicals, thus, 
preventing or lessening degradation therefrom or from other forms of radiolysis. Among the 
preferred radionuclide-containing compositions to be stabilized are compositions containing a 
targeting agent together with a radionuclide. The targeting agent may also be associated 
with the radionuclide by being linked to a complexing agent which is capable of complexing 
the radionuclide, for example, such as a diagnostic agent having as a targeting moiety a 
specific binding peptide, oligonucleotide, antibody or small organic targeting group linked to 
a metal ion-complexing moiety which is complexed with a radionuclide, such as technetium- 
99m (Tc-99m). Also included in the invention are compositions of radionuclides, 
radionuclide-containing compounds or complexes with iodide or an iodide ion-providing 
component; compositions of compounds or complexing agents that will be associated with a 
radionuclide with iodide or an iodide ion-providing component; and kits containing any 
combination of radionuclides, targeting agents, complexing agents or compounds which are 
associated with or will be associated with radionuclides and iodide or iodide-providing 
components. 

Background of the Invention 

Compounds, compositions and complexes containing radionuclides have been known 
for diagnostic and therapeutic applications. Among such embodiments are reagents having 
one or more components for binding a radionuclide, such as technetium-99m ("Tc-99m"), 
and a component for targeting the reagent to a specific site in the body, such as a mammalian 
body, particularly human. The reagents can be targeted to specific sites and the radionuclide 
used to carry out scintigraphic imaging for diagnosis of the site. Therapeutic applications 
from such targeting are possible as well. Examples of such reagents are described in U.S. 
patents 5,783,170; 5,807,537; 5,814,297; and 5,866,097. Particularly disclosed as reagents 
are complexes of the radionuclide with a complexing group which complexes the 
radionuclide and which is covalently bonded to a specific binding peptide for targeting the 



complex. Such complexes are useful for a variety of diagnostic and therapeutic methods, 
such as discussed in the above-cited U.S. patents. 

A drawback of radionuclides and compositions or complexes containing them is 
degradation over time through radiolysis of the complexed radionuclide. Thus, after 
formation of the complex, the radiochemical purity ("RCP" in % indicating the extent of 
stability of the moiety containing the radionuclide) will diminish and hinder the effectiveness 
of the reagent. For example, U.S. Patent No. 5,262,175 discloses that a certain Tc-99m 
labeled complex made through the Ceretec kit has an in- vitro shelf life on the order of only 30 
minutes. This patent discloses stabilization of radiopharmaceutical complex compositions 
with a weak oxidizing agent. The preferred weak oxidizing agent is sodium hypochlorite but 
several others are listed, including iodine. 

Summary of the Invention 

The invention includes methods for stabilizing radionuclide-containing compositions 
against degradation caused by free radicals. The invention is also directed to compositions 
associated with these methods. Such free radicals are generally derived from the radionuclide 
due to formation of hydrated electrons. It has been discovered that iodide ions stabilize the 
radionuclide-containing compositions by acting as scavengers to the generated free radicals, 
thus, preventing or lessening degradation caused by such free radicals. 

Among the preferred radionuclide-containing compositions to be stabilized are 
complexes of a complexing agent with a radionuclide complexed therewith, such as a 
diagnostic agent having a specific binding peptide linked to a metal ion-complexing moiety 
which is complexed with a radionuchde, such as technetium-99m (Tc-99m). In addition to 
methods for stabilizing radionuclide-containing compositions, also included in the invention 
are compositions of radionuclide-containing compounds or complexes with iodide or an 
iodide ion-providing component, compositions of compounds or complexing agents that will 
be associated with a radionuclide and kits containing any combination of radionuclides, 
radionuclide generators, complexing agents or compounds which are associated with or will 
be associated with radionucHdes and iodide or iodide-providing components. Further aspects 
of the invention are taught to one of ordinary skill in the art from the disclosure as a whole. 

As the compositions which are stabilized by the iodide according to the invention are 
included any compositions which contain a radionuclide, particularly those which are 
susceptible to degradation, hence a reduction in RCP. Though not limited thereto, the 
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invention is particularly applicable to stabilizing compositions having a radionuclide 
associated (by covalent binding, other binding forces or merely in admixture) with a targeting 
agent. The targeting agent is a compound or moiety that targets or directs the radionuclide to 
a specific site in a biological system. Preferably the targeting moiety is a peptide, 
oligonucleotide or antibody, particularly one which has specificity to target the complex to a 
specific site in a biological system. Smaller organic molecules effective for targeting certain 
sites in a biological system can also be used as the targeting agents with the invention. Such 
targeting agents are known in the art and are described in U.S. Patent Nos. 5,783,170; 
5,807,537; 5,814,297; 5,866,097; and 5,262,175 mentioned above and elsewhere, see, e.g., 
5,736,122; 5,849,260; 5,879,658; 5,888,474; 5,716,596; 5,814,298; 5,820,845; 5,552,525; 
5,561,220; 5,714,579; and 5,71 1,931. Methods for preparing them are discussed in those 
patents and/or are known in the art. Preferred as targeting agents are peptides comprising 
from 4 to 100 amino acids or oligonucleotides with 4-100 nucleotides or antibodies or 
peptidomimetics; these, preferably being covalently linked to a complexing group which 
binds the radionuclide. 

In another preferred, but non-limiting, embodiment the radionuclide is contained in 
the composition to be stabilized at least partially complexed by a complexing moiety. 
Examples of complexing moieties and compositions containing complexed radionuclides 
which can be stabilized according to the invention include those described in each of U.S. 
Patent Nos. 5,783,170; 5,807,537; 5,814,297; 5,866,097; and 5,262,175 discussed above. 
One preferred type of complexing moiety is a thiol group-containing moiety such as of the 
following formula: 

A— CZ(B)— [C(R^R^)]n— X 
wherein A is H, HOOC, H2NOC, (peptide, oligonucleotide, or antibody)-NHOC, (peptide, 
oligonucleotide, or antibody)-OOC or R"*; B is H, SH or — NHR^ — N(R^)-(peptide, 
oligonucleotide, or antibody) or R"^; X is SH or — NHR^ — N(R^)-(peptide) or R"^; R\R^, R^ 
and R'* are independently H or straight or branched chain or cyclic lower alkyl; n is 0, 1 or 2; 
provided that: (a) where B is — ^NHR^ or — N(R^)-(peptide, oligonucleotide, or antibody), X 
is SH and n is 1 or 2; (b) where X is — ^NHR^ or — ^N(R^)-(peptide, oligonucleotide, or 
antibody), B is SH and n is 1 or 2; (c) where B is H or R'*, A is HOOC, H2NOC, (peptide, 
oligonucleotide, or antibody)-NHOC, (peptide, oligonucleotide, or antibody)-OOC, X is SH 
and n is 0 or 1 ; (d) where A is H or R"*, then, where B is SH, X is — NHR^ or — N(R^)- 
(peptide, oligonucleotide, or antibody) and where X is SH, B is — ^NHR^ or — ^N(R^)-(peptide, 
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oligonucleotide, or antibody); (e) where X is H or R^, A is HOOC, H2NOC, (peptide)-NHOC, 
(peptide, oligonucleotide, or antibody)-OOC and B is SH; (f) where Z is methyl, X is methyl, 
A is HOOC, H2NOC, (peptide, oligonucleotide, or antibody)-NHOC, (peptide, 
oUgonucleotide, or antibody)-OOC and B is SH and n is 0; and (g) where Z is SH and X is 
SH, n is not 0; and wherein the thiol moiety is in the reduced form and the complexing group 
is preferably capable of being covalently linked to a peptide, oligonucleotide, or antibody. 

hi a preferred embodiment, compositions having a radionucUde and a somatostatin 
receptor ("SSTR") binding peptide, such as depreotide or P2045, are stabilized by iodide. 
Preferably the SSTR binding peptide is linked to a complexing agent which at least partially 
complexes the radionuclide. 

The radionuclide which is stabiUzed may be selected from any known radionuclide. 
The invention is particularly applicable, however, to stabilizing compositions containing Tc 
or Re radionuclides, particularly Tc-99m and Re-1 88. Other possible radionuclide-containing 
compositions which can be stabilized by the invention include those having Re-1 86, Ga-67, 
hi-1 11, 1-123, 1-125, 1-131 and Yb-169 radionuclides. The invention could also be appHed to 
stabihze any radioisotope, such as H-3, C-14, N-15, F-18, P-32, P-33 or Y-90. 

The iodide ion used for stabilization according to the invention may be derived from 
any known source. Particularly usefiil are iodide salts which provide the iodide ion in 
solution and which are biocompatible. Most preferred are alkaU metal iodide salts, 
particularly KI and Nal. It is also possible to use reagents which generate iodide ions under 
the conditions in which the radionuclide-containing composition is provided; for example, 
ammonium iodides, such as Bu4N'^I- and NH4 T- 

An amount of iodide-providing compound is added sufficient to provide stabilization 
of the radionuclide, radionuclide-containing composition and/or complexed radionuclide such 
that, for example, the radiochemical purity, RCP, is 90% or greater for at least the half-hfe of 
the radionuclide being stabilized, e.g., at least 6 hours for Tc-99m. Thus, the invention is also 
directed to compositions which contain a radionuctide-containing reagent and iodide ion or 
reagent which generates iodide ion. Further, the invention includes compositions containing 
a targeting agent, optionally having a complexing moiety linked thereto, before being 
associated or complexed with the radionucHde, and the iodide ion or reagent which generates 
it in the above-discussed sufficient amounts. 

The iodide ion or compound which releases or generates such ion may be added to the 
radionuctide-containing composition any time before, during or after associating or 
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complexing of the radionuclide with the targeting and/or complexing agent. It is preferred 
that the iodide ion be provided before association or complexing of the radionuclide in order 
to maximize the stabilizing effect. Thus, the iodide or iodide generating compound can be 
added to the targeting agent optionally having a complexmg moiety before it is associated or 
complexed with the radionuclide. Thus, also included in the invention are kits useful for 
making the above-described compositions. For example, useful kits may include one 
compartment carrying the compositions of targeting agent, optionally with complexing 
moiety, with the iodide ions or iodide-providing compound and another compartment for 
carrying the radionuclide or ingredients for generating the radionuclide. In another 
embodiment the kit may contain the targeting agent, iodide providing compound, and 
radionuclide generating ingredients each separately. 

According to the invention, radionuchde-containing compositions are stabilized 
sufficiently to significantly increase the shelf life of the compositions. For example, the RCP 
of such compositions may be maintained at the desired level of 90% or higher for up to a time 
equal to the half-Ufe of the radionucUde after formation of the composition. This 
significantly enhances the usefiilness of these reagents. The stabiUzing effect of the iodide 
ions is even demonstrated when nitrate ions, which generally lead to increased degradation of 
radionuclide compositions or complexes, are present. This is of particular advantage because 
many compositions or kits used to generate radionuclides, such as CIS eluate, contain an 
oxidant, such as nitrates. By use of the iodide ions, it is possible to obtain good stabihzation 
even when used together with these oxidant-containing radionuclide solutions. 

The stabilized radionuclide-containing compositions of the invention are useful for 
diagnostic and therapeutic methods, particularly for scintigraphic imaging of a particular 
tissue of the biological system which is targeted by a peptide, particularly in mammalian 
systems, most particularly in human systems. The compositions can be selected, for example, 
for targeting and thus imaging of organs, such as the heart, the brain, blood vessels (e.g. 
arteries and veins) and tumors associated with diseases, for example, gastrointestinal tumors, 
myelomas, small cell lung carcinoma and other APUDomas, endocrine tumors such as 
medullary thyroid carcinomas and pituitary tumors, brain tumors such as meningiomas and 
astrocytomas, and tumors of the prostate, breast, colon and ovaries, for example. Methods for 
conducting the imaging with administration of a radionuclide reagent are conventionally 
known in the art. An advantage particular to the claimed invention is that the iodide 
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stabilizing agent can be provided by reagents, such as potassium iodide, which are well 
tolerated by biological systems, particularly humans. 

The entire disclosure of all applications, patents and publications, cited above and 
below is hereby incorporated by reference. 

Examples 

In the foregoing and in the following examples, all temperatures are set forth 
uncorrected in degrees Celsius; and, unless otherwise indicated, all parts and percentages are 
by weight. 

Example 1 

CIS eluate, a Tc-99m generator, was mimicked by adding an oxidant (sodium nitrate, in this 
case) to Syncor (DuPont) eluate. NeoTect is a kit to provide a peptide-linked complexing 
agent called To 99m depreotide. The stability of To 99m depreotide (NeoTect Lot No. 
51001 503) with and without nitrate in the presence of potassium iodide (KI) was carried out 
to 9 hours post-reconstitution. The results of the RCP studies (at 9 h) are summarized below: 

Table 1: RCP of NeoTect at 9 hours post-reconstitution 



Sample 


RCP % 


Control (1503 + Nitrate) 


48.1 






1503 + 1 mgKI 


94.4 


1503 + 1 mgKI 


88.5 






1503 + nitrate + 1 mgKI 


78.8 


1503 + nitrate + 5 mgKI 


94.3 


1 503 + nitrate + 10 mg KI 


92.6 



KI affords stability to Tc-99m depreotide even when an oxidant (i.e. nitrate) is present in the 
eluate. Potassium iodide is well tolerated in humans unlike other stabiUzing agents such as 
methionine or trolox. Methods for determining the RCP value are known in the art such as 
described in Cancer Res. (1998), May 1, 58(9): 1850-1 859, and J. Nucl. Med. (1996), June, 
37(6):1016-1022. 
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Example 2 

Further examples were conducted to show the stabilizing effect of the iodide ion for 
other complexes under varying conditions and with varying amounts and sources (KI and 
Nal) of iodide ion. The results are shown in the following tables. 

Table 1: Single Vial - Iodide was added to the composition containing the targeting agent 
(peptide) and formulated as a single vial kit. The kit was reconstituted with To 99m to 
produce Tc 99m complexed to the targeting agent. 



Tarseting Agent 


Iodide 


Amount 


%RCP 


Time 


Depreotide 


KI 


4mg 


89% 


5h 


Depreotide 


KI 


5 mg 


93% 


6h 


Depreotide 


KI 


6mg 


95% 


5h 


Depreotide 


Nal 


8mg 


91% 


6h 


Depreotide 


Nal 


10 mg 


93% 


5h 


P2045 


Nal 


5 mg 


95% 


8h 



Table 2: 2-Vials - Iodide was added to a formulated kit that contained the targeting agent 
(peptide) followed by the addition of the radionuclide (Tc-99m) to produce Tc 99m 
complexed to the targeting agent. 



Targetins Agent 


Iodide 


Amount 


%RCP 


Time 


Depreotide 


KI 


10 mg 


95% 


6h 


Depreotide 


KI 


4mg 


94% 


5h 


Depreotide 


KI 


6mg 


94% 


5h 



It is evident from the tables above that the various amounts of iodide ions added either 
as part of a formulated kit with the targeting agent (single vial) or added to a formulated 
targeting agent prior to the addition of the radionuclide (2- vial), afford stabilization of the 
composition. The RCP of the compositions containing iodide remains high after addition of 
the radionucUde. 
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The preceding examples can be repeated with similar success by substituting the 
generically or specifically described reactants and/or operating conditions of this invention for 
those used in the preceding examples. 

From the foregoing description, one skilled in the art can easily ascertain the essential 
characteristics of this invention and, without departing from the spirit and scope thereof, can 
make various changes and modifications of the invention to adapt it to various usages and 
conditions. 



